Background: Strong evidence supports an association between high levels of homocysteine (Hcy) and lipoprotein(a) [Lp(a)] and an increased rate of ischemic vascular events. Methods: The study population comprised 162 patients (50 women [30.9%]; age, 66.71 6 12.76 years) having a history of acute coronary syndrome within 1 year who underwent fasting blood sampling, measurement of intima-media thickness and pulse wave velocity at the common carotid and femoral arteries by Doppler ultrasound, and ankle-brachial index measurement. Cutoff values were considered 0.9 mm and 1.2 mm for carotid and femoral intima-media thickness, respectively; 12 m/s for pulse wave velocity; and <0.9 for ankle-brachial index. We included hypertension, dyslipidemia, diabetes, overweight/obesity, smoking, and family history of cardiovascular disease in the count of traditional risk factors
Recent evidence has shown that several plasma biomarkers are higher in coronary artery disease (CAD) patients with concomitant peripheral arterial disease (PAD) than in patients with exclusive CAD. 1 A role for homocysteine (Hcy) and lipoprotein(a) [Lp(a)] has been hypothesized but not clearly proved. 2 Specifically, hyperhomocysteinemia is an independent risk factor for both PAD and CAD, [3] [4] [5] and in secondary prevention, elevated levels of Hcy were related to residual cardiovascular (CV) risk in patients with acute coronary syndrome (ACS) independently of the efficacy of statin treatment. 6 Lp(a) levels are positively associated with CAD events, and the Copenhagen City Heart Study showed a stepwise increase in the risk of CAD associated with the increase in Lp(a) levels without evidence of a threshold effect. Only one population-based study reported a significant association of Lp(a) and the risk of PAD. 7 The combination of high Hcy and Lp(a) levels synergistically increases the likelihood for development of CAD 8 and may significantly influence clinical outcome. No data are available about the association of high Hcy and Lp(a) levels with extracoronary atherosclerotic burden in ACS patients.
To test the hypothesis that high Hcy and Lp(a) levels could be related to the severity of asymptomatic peripheral atherosclerotic burden in ACS patients besides the occurrence of the traditional CV risk profile and the severity of CAD, we evaluated subclinical extracoronary atherosclerotic morphologic and functional damage by ultrasound examination [9] [10] [11] [12] [13] [14] [15] and the assay of Hcy and Lp(a) levels in 162 patients who in the last year had suffered a first ACS event, asymptomatic for extracoronary atherosclerosis involvement.
METHODS
Study population. The study population consisted of 162 patients (50 women [30.9%]; age, 66.71 6 12.76 years) having a history of ACS within 1 year, including ST-segment elevation myocardial infarction, non-ST-segment elevation myocardial infarction, and unstable angina, 16 asymptomatic for extracoronary (carotid, inferior limb, renal, and aortoiliac arteries) atherosclerotic involvement, who had been enrolled from July 2009 to December 2011 on an outpatient basis at the Office for Vascular Function Assessment, Department of Experimental and Clinical Medicine, Careggi Hospital, Florence. All subjects gave written informed consent to the collection and analysis of data. The investigation was performed in accordance with the Declaration of Helsinki. Clinical practice, presented as the object of this study, represents the standard practice of our center and did not require Institutional Review Board approval.
The presence of cardiovascular risk factors (CRFs) was assessed according to the current guidelines: male sex; hypertension (systolic blood pressure [ guidelines, or taking lipid-lowering medication); diabetes mellitus (treated with an oral hypoglycemic agent, insulin, or both or having fasting glucose levels $126 mg/dL, in agreement with the American Diabetes Association); family history of cardiovascular disease (CVD) (having first-or second-degree relatives with premature CV disease); and smoking habit, considered as present smoking habit or past from a period of <1 year.
According to the blood pressure values reported by the guidelines for the management of high blood pressure published in 2014, blood pressure control was considered good when values #149/90 mm Hg were measured at all control visits. 17 According to the World Health Organization indications, a glycated hemoglobin (HbA 1c ) value of 6.5% has been considered good. 18 Study design. Patients were evaluated 1 year after the ACS event. The follow-up was programmed within a maximum interval of 15 days from the programmed data. Clinical evaluation was performed in a quiet room and consisted of a dedicated medical questionnaire; physical examination with heart rate, arterial blood pressure, and body mass index (BMI) measurement; and blood sampling.
After the patient rested for at least 15 minutes in the supine position, a single operator performed electrocardiographic and ultrasound assessment. Exclusion criteria comprised autoimmune, pulmonary, or hematologic disorders; anxiety or depression; and history of alcoholism or addiction.
Traditional CRFs and TOTAL CV score. We considered traditional CRFs to be male sex; family history of CVD; dyslipidemia or low-density lipoprotein cholesterol (LDL-C) level $70 mg/dL; hypertension or SBP $140 mm Hg and DBP $90 mm Hg for nondiabetics and SBP $120 mm Hg and DBP $80 mm Hg for diabetics; BMI $25; diabetes; and smoking habit. IMT of the right and left common carotid arteries was measured in the 1-cm segment proximal to the carotid dilation with B-mode ultrasonography, by computerized probe using a 7.5 MHz transducer attached to a MyLab 70 XVision Esaote machine. Femoral IMT (f-IMT) was measured in the far wall of a 1-cm-long arterial segment proximal to the femoral bifurcation.
Arterial stiffness was expressed as local pulse wave velocity (PWv) and the change in distensibility of the right and left common carotid arteries and was measured in the 1-cm segment proximal to the carotid dilation. Femoral PWv (f-PWv) was measured in the far wall of a 1-cmlong arterial segment proximal to the femoral bifurcation. The cutoff value for PWv at the common carotids and femoral arteries was considered 12 m/s, according to current literature. 17 For each subject, the maximum carotid IMT (c-IMT) or f-IMT and PWv values were used for statistical analysis. According to the guidelines of the European Society of Hypertension, c-IMT values $0.9 mm and f-IMT values $1.2 mm were considered abnormal. 17 The ankle-brachial index (ABI) was determined by ultrasonographic method using a MyLab 70 XVision machine equipped with a 7.5 MHz linear probe and an aneroid sphygmomanometer with cuff inflators appropriate for brachial circumference. SBP measurements of the brachial, tibial posterior, and dorsalis pedis arteries were taken on both sides of the limb. The ABI was calculated as the ratio between the lowest ankle systolic pressure and the highest brachial systolic pressure. 17, 19, 20 ABI was determined for each leg, and the lowest value was considered for analysis. ABI values <0.9 and >1.3 were considered abnormal. 6, 21, 22 We called atherosclerotic lesions the presence of at least one alteration of c-IMT or f-IMT, according to a previously defined cutoff.
Coronary artery atherosclerosis. Coronary angiography was performed only at the acute event, 1 year before the follow-up of this study, and it was not repeated at the control visit. Data of coronary angiography were collected from the medical history of every patient. The examination was performed by standard techniques. The severity of coronary lesions was determined by visual estimation or by a quantitative coronary angiography program (Xcelera; Philips Healthcare, Best, The Netherlands) at the discretion of the interventional cardiologist performing the procedure. Clinically significant CAD was defined as the presence of a coronary lesion resulting in a lumen diameter stenosis >75% in a major epicardial artery (left anterior descending artery, left circumflex artery, right coronary artery) or one of its major branches. Clinically significant left main disease was defined as a lumen diameter stenosis >50%.
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Patients were stratified according to the number of involved vessels as follows: normal coronaries or nonobstructive CAD (subjects not showing the criteria for clinically significant CAD); one-vessel, two-vessel, and three-vessel disease (subjects showing significant lesions in one, two, and three vessels, respectively); and significant disease of the left main coronary artery, independent of concomitant lesions in other vessels. 23 Blood collection. Venous blood samples were taken from each patient in the morning, after an overnight fast, and collected from the antecubital vein into evacuated plastic tubes (Vacutainer).
Biohumoral parameters. Lp(a) was measured by an immunonephelometric method (LPAX IMMAGE; Beckman Coulter, Brea, Calif); values $500 mg/L were considered abnormal. Hcy plasma values (free or linked to proteins) were measured by immunoenzymatic assay (fluorescence polarization immunoassay, IMx; Abbott Laboratories, Oslo, Norway); values $15 mmol/L were considered abnormal. Lipid profile was assessed by standard method.
Statistical analysis. Database construction and statistical analysis were performed with SPSS for Windows (version 19; SPSS Inc, Chicago, Ill). Categorical variables were expressed as frequencies and percentages; analysis of data distribution was evaluated by c 2 test (statistical significance was for P < .05). Continuous variables were expressed as mean value and standard deviation and median and range when appropriate.
According to the literature, normal values of ABI, IMT, and PWv were considered, respectively, $0.9, <0.9 for c-IMT and <1.2 for f-IMT, and <12 m/s for both carotid PWv (c-PWv) and f-PWv.
The nonparametric Mann-Whitney and Kruskal-Wallis tests were used for analysis of unpaired data. Correlation analysis was measured by using the Spearman correlation test.
Univariate and multivariate logistic regression tests were used to evaluate the association between independent risk factors and vascular dysfunction. Regression coefficients and 95% confidence intervals (CIs) are presented.
A P value < .05 was considered to indicate statistical significance. We used receiver operating characteristic (ROC) curve analysis to evaluate the accuracy in discriminating the presence of peripheral atherosclerosis or altered vascular compliance in the study population.
ROC curves were performed using, as continuous variable, the probability of the number of traditional CRFs and the number of traditional CRFs plus Hcy $15 mmol/L or Lp(a) $500 mg/L, or both, related to the presence of atherosclerosis or altered vascular compliance in the study population.
RESULTS
Demographic and clinical characteristics of the study population. Clinical and biochemical features of the study population are listed in Table I .
Of 162 patients, 129 (79.6%) showed at least one of the traditional CRFs that did not match the target values indicated by the European Society of Cardiology and the European Atherosclerosis Society 2012 guidelines for the optimization of CV management in high-risk patients (Table I ). One year after the ACS event, 74% of patients had not stopped smoking and about 50% showed BMI >25, LDL >70 mg/dL, and not good HbA 1c control.
All patients showed liver and renal function within normal limits.
Nobody reported a new acute coronary event after discharge from the coronary intensive care unit.
Coronary atherosclerosis. Regarding coronary artery involvement, we compared data of coronary angiograms, obtained at the acute cardiac event, with extracoronary data and biochemical parameters, collected after 1 year. In particular, 19 (11.5%) were one-vessel, 63 (39.1%) were two-vessel, and the remaining 80 (49.4%) were threevessel CAD patients.
In our patients, the presence of traditional CRFs was not associated with coronary lesion extension, with the exception for smoking habit (odds ratio [OR], 1.9; 95% CI, 1.02-4.4; P ¼ .046) and diabetes (OR, 7.2; 95% CI, 2.7-18.3; P ¼ .044).
We found an association between severity of CAD and extracoronary atherosclerotic markers, such as ABI values (one-vessel, 0.99 6 0.13; two-vessel, 0.89 6 0.20; threevessel, 0.79 6 0.13; P for trend ¼ .042), c-IMT (1358 6 1019 mm, 1750 6 840 mm, and 2625 6 1117 mm, respectively; P for trend ¼ .039), and f-IMT (1552 6 985 mm, 1995 6 978 mm, and 2710 6 615 mm; P for trend ¼ .047).
Lp(a) and Hcy levels progressively increased according to CAD severity. One-vessel CAD patients showed lower Hcy (5.2 6 2.5 mmol/L) and Lp(a) (157.7 6 347.9 mg/L) values than two-vessel (Hcy, 13.2 6 4.9 mmol/L; Lp(a), 579.7 6 517.9 mg/L; P ¼ .001) and three-vessel CAD patients (Hcy, 16.9 6 5.8; Lp(a), 845.2 6 474.5; P < .0001).
On univariate logistic regression analyses, we found a significant association between CAD severity and values of Lp(a) $500 mg/L (OR, 7.2; 95% CI, 2.7-18.3; P < .0001) and Hcy $15 mmol/L (OR, 12.8; 95% CI, 4.8-34.1; P < .0001). These associations remained significant after adjustment for sex, age, overweight, nonoptimal LDL and high-density lipoprotein values, diabetes, arterial pressure not well controlled, overweight, and smoking habit for Lp(a) (OR, 3.8; 95% CI, 1.3-11.8; P ¼ .018) and Hcy (OR, 4.9; 95% CI, 1.6-15.8; P ¼ .007).
Markers of extracoronary atherosclerosis and vascular compliance. Table II shows the pattern of ultrasound morphologic and functional markers of extracoronary atherosclerotic vessel damage in ACS patients.
Of 162 patients, 45 (27.7%) did not show carotid or femoral atherosclerotic lesions (Table II) . Age was significantly related to ABI (r ¼ À0.272; P ¼ .001), c-IMT (r ¼ 0.292; P < .0001), and c-PWv (r ¼ 0.284; P ¼ .001) pattern. No differences according to gender or diabetes diagnosis were found (Table III) .
Patients with family history of CVD showed a marked carotid and femoral involvement with respect to patients without family history (c-IMT, 1.9 6 1.1 mm vs 1.3 6 0.9 mm [P < .0001]; f-IMT, 2.1 6 1.2 mm vs 1.3 6 0.9 mm [P ¼ .001], respectively) and the presence of ABI <0.9 (P < .0001).
Patients with severe CAD, defined as three-vessel impairment, had significantly higher prevalence of extracoronary atherosclerotic lesion involvement ( ROC curve analysis for TOTAL score showed a significantly higher area under the curve for the discrimination of atherosclerosis (abnormal on at least one-side for c-IMT, f-IMT, or ABI) and vascular compliance alterations (c-PWv or f-PWv) in the study population in comparison with only traditional CRFs (Table IV) . Differences among ROC curves are expressed in Table IV .
DISCUSSION
The novel finding of our study is that the contemporaneous occurrence of high Lp(a) and Hcy levels was strictly JOURNAL OF VASCULAR SURGERY associated with the presence and severity of asymptomatic systemic atherosclerotic damage when added to the pattern of traditional CRFs (TOTAL score) and to CAD severity at the acute event.
A high percentage of our ACS patients showed a scarce control of traditional CRFs because of ongoing smoking, BMI >25, poor control of hypertension, and glycemic profile. Because the strongest CRFs are hypertension for cerebrovascular disease and smoking and diabetes for PAD, the demonstration of asymptomatic carotid and femoral vessel damage could help in selecting those ACS patients at high CV residual risk who especially need good control of CRFs. 24 Among investigated markers of systemic atherosclerotic damage, ABI <0.9 was the marker with the highest prevalence in our ACS patients and could be proposed as the marker of choice for screening of asymptomatic peripheral atherosclerotic damage in this high-risk subpopulation.
In our ACS population, only a positive family history of CAD was associated with systemic atherosclerotic damage. Interestingly, the contemporaneous occurrence of high Lp(a) and Hcy levels added to the traditional CRF pattern (TOTAL score) highlighted the presence and severity of subclinical systemic atherosclerotic damage better than CAD severity. In our study, TOTAL score (traditional CRFs plus high Hcy and Lp(a) levels) was strongly linked to both morphologic and functional vessel damage due to the increase in Hcy and Lp(a) values according to the ABI, Ankle-brachial index; c-IMT, carotid intima-media thickness; c-PWv, carotid pulse wave velocity; f-IMT, femoral artery intima-media thickness; f-PWv, femoral artery pulse wave velocity.
Values are reported as mean 6 standard deviation. P values were not significant.
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In primary CV prevention, the role of Hcy and Lp(a) as lipid and thrombotic biomarkers in the individual CV risk stratification was proposed but is still under debate; no data are available for the use of Hcy values in residual CV risk measurement in ACS patients, whereas a possible association between high Lp(a) levels and a persistent high CV risk in CV patients receiving statin therapy 25, 26 was proposed.
The strict association between high Lp(a) and Hcy levels and positive family history of CV disease found in our ACS patients strongly supports the role of the genetic component in determining high levels of both Hcy and Lp(a). Our findings do not allow us to know what pathophysiologic mechanisms facilitating the occurrence and progression of atherosclerotic damage and recurrence of CV events could be associated with high Lp(a) and Hcy levels, but proatherogenic, prothrombotic, and antifibrinolytic activities were clearly reported. Indeed, an amplification of oxidative stress, promotion of endothelial cell necrosis and of monocyte and macrophage migration with foam cell formation, and expanding necrotic lipid core could all contribute to the damage of the CV system 27 associated with high Hcy and Lpa levels.
According to recent advances, our data may prove useful not only to optimize the stratification of patients at increased risk of disseminated atherosclerosis but also to identify those subgroups for whom conventional therapies would not be able to correct the risk factors effectively. In particular, ongoing studies 28, 29 showed that proprotein convertase subtilisin kexin 9 (PCSK9) monoclonal antibodies were able to reduce Lp(a) plasma levels. Regarding the use of vitamin supplementation to reduce CV risk, there are no convincing data that support a positive clinical effect by the reduction of Hcy levels.
Dedicated studies are needed to investigate whether high Lp(a) and Hcy levels that are associated with more severe systemic atherosclerotic damage could also select the ACS subpopulation with very high residual CV risk.
Limits. Our study is an observational investigation. A prospective phase has been started to investigate the possible clinical relevance of our findings in the calculation of residual CV risk in ACS patients with high TOTAL score and systemic atherosclerotic burden.
Among proposed lipid and thrombotic biomarkers of CV risk we studied, Lp(a) and Hcy levels are not markers of inflammation. It is possible that the addition of other markers of CV risk to the calculation of TOTAL score could improve the scoring of systemic atherosclerotic damage in ACS patients.
The TOTAL score is not actually validated in an independent population. A procedure of validation has been started. 
CONCLUSIONS
In our patients having a history of ACS within 1 year, the contemporaneous occurrence of high Hcy and Lp(a) levels added to the pattern of traditional CRFs (TOTAL score) was strictly related to the presence and severity of asymptomatic systemic morphologic and functional atherosclerotic damage that was detectable in about 50% of ACS patients. 
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